
REMARKS

Enclosed herewith is a Substitute Specification in which

the specification as filed has been amended in various places to

correct typographical and grammatical errors, and also to add

section headings. In addition, the specification as filed has been

amended to cite U.S. patents corresponding to the European patent

application cited on page 1 of the specification as filed.

Enclosed herewith is form PTO-1449 citing these U.S.

patents as well as copies of these U.S. patents.

In support of the above, enclosed herewith is a copy of

the specification as filed marked up with the above changes.

The undersigned attorney asserts that no new matter has

been incorporated into the Substitute Specification.

The claims have been amended to more clearly define the

invention as disclosed in the written description. In particular,

claims 3, 5, 6, 13-16, 18, 19, 22, 24 and 27-33 have each been made

proper independent claims and include the limitations of the

respective base claim and any intervening claims. In addition,

claim 9 has been made a proper independent claim. Further, claim 21

has been amended such that all elements cited therein have proper

antecedent basis. Finally, the claims have been amended for

clarity.

The Examiner has rejected claims 1, 8, 9, 11 and 12 under

35 U.S.C. 102(b) as being anticipated by U.S. Patent 3,644,042 to
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Kolb. Jr. et al . The Examiner has further rejected claims 1 and 9

under 3 5 U.S.C. 102(b) as being anticipated by U.S. Patent

5,262,636 to Rink. In addition, the Examiner has rejected claims 1

and 2 under 35 U.S.C. 102(b) as being anticipated by U.S. Patent

4,733,609 to Goodwin et al . Moreover, the Examiner has rejected

claims 1, 2, 7, 9 and 10 under 35 U.S.C. 102(a) as being

anticipated by U.S. Patent 6,23 3,045 to Suni et al . The Examiner

has also rejected claims 17 and 20 under 35 U.S.C. 103(a) as being

unpatentable over Suni et al . Finally, the Examiner has rejected

claims 21 and 23 under 35 U.S.C. 103(a) as being unpatentable over

Suni et al . in view of Rink.

Applicants acknowledge that the Examiner has found claims

3-6, 13-16, 18, 19, 22 and 24-33 allowable over the prior art, and

in view of the above changes, Applicants believe that these claims

should now be allowed.

The Kolb, Jr. et al . patent discloses a laser system for

monitoring the motion of objects. Kolb, Jr. et al . is concerned

with the ppor reflectivity of objects that make conventional laser

interferometer systems less suitable for measuring position or

velocity of such objects. Ordinarily, interferometers use the phase

difference between a measuring beam reflected by the object and a

reference beam reflected by a reference object, these beams

interfering at a detector where the (varying) phase difference is

converted into a (varying) intensity level. In the Kolb, Jr. et al

.
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apparatus, a reference beam is no longer present, but the reflected

measuring beam re-enters the helium/neon gas laser. However, the

phase (shift) of the measuring beam is still used. Instead, the

phase of the measuring beam is now compared with the phase of the

radiation generated in the laser. Kolb, Jr. et al . thus uses the

principle of an interferometer system, i.e., measurement of the

movement\- induced phase change of the measuring beam with respect

to a reference beam to determine the amount of movement.

The subject invention relates to an input device and to a

method and apparatus for detecting the relative movement of an

object to the input device. The detection of movement of the object

is based on the combination of the Doppler frequency shift, which

the return beam undergoes if there is relative movement, and the

self -mixing effect in the diode laser, i.e., the reflected beam re-

entering the diode laser cavity changes the gain of the laser

cavity.

Applicants submit that Kolb, Jr. et al . neither discloses

nor suggests the combination of the Doppler frequency shift and the

self -mixing effect, nor that the apparatus should be an input

device as claimed in the subject invention.

The Rink patent discloses a proximity sensor apparatus for

laser diode, in which, in order to prevent that a high power laser

for machining an object reaches other objects or places, like a

human eye, a photodiode detects whether the radiation from a short
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laser pulse is reflected back into the housing. If this is the

case, the object is close enough to the laser housing and the laser

will be switched on. If the photodiode does not detect sufficient

reflected radiation, the object is determined as not being close

enough and the laser will not be switched on.

Applicants submit that while the reflected radiation of

Rink passes through the window 14, this reflected light is then

incident on the photodiode 18 in order to detect the same. As such,

Rink neither discloses or suggests the conditions of the subject

invention as claimed in claims 1 and 9, i.e., the reflected beam

re-enters the laser cavity which emitted the measuring beam, and as

such, changes the operation of the laser cavity due to interference

of the re-entering radiation and the optical wave in the laser

cavity, and that these changes are measured and used to form a

signal representative of the relative movement.

The Goodwin et al . patent discloses a laser proximity

sensor which may also be used for measuring velocities. Goodwin et

al. determines velocity of the object from a Doppler shift

introduced by the target in case use is made of a CW diode laser.

If a frequency modulated laser is used, the velocity is determined

in another way (col. 7, lines 47-61). In the Goodwin et al . device,

radiation reflected by the object re-enters the diode laser.

However, as stated in the passage cited by the Examiner, the laser

cavity is used as a waveguide for guiding the return (measuring)
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beam to the back- side mirror of the laser where it is emitted

together with a main laser beam towards a detector. This detector

thus receives a local oscillator beam (the main beam) and a signal

beam (the re-entering beam) which interfere at the detector so that

measuring is based on coherent detection (col. 7, lines 20-3 9) . In

fact, Goodwin et al . focuses on coherent detection and dismisses

other prior art as not being relevant. Goodwin et al . uses coherent

detection to obtain a sensitivity that approaches the quantum limit

and to achieve a measuring range of several meters

.

Applicants submit that Goodwin et al . neither discloses

nor suggests the use of the self-mixing principle, i.e., the

interference of the measuring beam reflected by the object and the

optical wave in the laser cavity, this interference causing changes

in the operation of the laser cavity, as defined in claims 1 and 9,

wherein measurement of the changes is indicative of the relative

movement

.

The Suni et al . patent discloses a self -mixing sensor

apparatus and method which uses the combination of Doppler

frequency shift and self -mixing in a diode laser for measuring the

movement and velocity of an object. Suni et al. is concerned with

external mode hopping (EHM) and provides means for preventing EHM.

This means controls the amount of measuring beam radiation re-

entering the diode laser cavity.
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Applicants submit, however, the Suni et al. neither

discloses or suggests using this principle in an input device for

measuring the relative movement, under control of the user, of an

object and the input device.

In view of the above, Applicants believe that the subject

invention, as claimed, is neither anticipated nor rendered obvious

by the prior art, either individually or collectively, and as such,

is patentable thereover.
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Applicants believe that this application, containing

claims 1-33, is now in condition for allowance and such action is

respectfully requested.

Respectfully submitted,

Edward W. GoodmafT, Reg. 28,613
Attorney
Tel.: 914-333-9611

CERTIFICATE OF MAILING

It is hereby certified that this correspondence is being
deposited with the United States Postal Service as First-class mail

in an envelope addressed to:

COMMISSIONER OF PATENTS AND TRADEMARKS
P.O. BOX 1450

ALEXANDRIA, VA 22313-1450

On

By (^^^V^llj^^i^
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000611

METHOD OF MEASURING THE MOVEMENT OF AN INPUT DEVICE

BACKGROUND OF THE INVENTION

Field Of The Invention

[0001] The invention relates to a method of measuring the

movement of an input device and an object relative to each other

5 along at least one measuring axis, the method comprising the steps

of:

-[0002] illuminating an object surface with a measuring laser

beam for each measuring axis, and

-[0003] converting a selected portion of the measuring beam

10 radiation reflected by the object surface into an electric signal-r

whi€fe-3rs-_representative of the movement along said measuring axis.

[0004] The invention also relates to an input device provided
r
:\

with an optical module for carrying out the method^ and to_gn ^
apparatus comprising such an input device. c- c > O

c-'j

. ' U3

Description Of The Related Art '3 v-

[0005] such a method and input device known from European |fotent
o

Patent application Application No.

EP-A 0 942 285 . corresponding to U.S. Patents 6.246,482, 6,330,0 57,

20 6,424,407 and 6,452,683 . The input device may be an optical mouse-r

uhich ic used in a computer configuration to move a cursor across

the computer display or monitor, for example^ to select a function

of a displayed menu. Such an optical mouse is moved across a mouse

pad by hand, like fefee-a_conventional mechanical mouse. As described
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PHNL 000611

in EP-A 0 942 285, the input device may also be an "inverted"

optical mouse. The input device is then stationary and, for

example, built in the keyboard of a desktop-o^ notebook or palm

computer and a human finger is moved over, for example^ a

5 transparent window in the housing of the input device. In the

latter case, the input device may be small, because the optical

module for measuring the finger movement can be made very small. In

fact, the input device is reduced to the optical measuring module.

This opens the way to new applications for the input device. For

10 example, an input function can be built in a mobile phone for

selecting functions on a menu and for accessing Internet pages, or

in a remote control device for a TV set for the same purposes^ or

in a virtual pen.

[0006] EP-A 0 942 285 discloses several embodiments of the

15 optical measuring module, in all of which homodyne or heterodyne

detection is used. All embodiments comprise a diffraction grating-r

which is arranged close to the module window. The grating reflects

a portion of the illumination beam radiation, preferably radiation

diffracted in one of the first orders, to a detector which also

20 receives a portion of the radiation reflected and scattered by the

object surface. The laser radiation diffracted in the first order

by the grating is denoted a local oscillator beam, and the detector

coherently detects the radiation from the object surface using this

local oscillator beam. The interference of the local oscillator

25 beam and the radiation reflected by the object surface reaching the

detector gives rise to a beat signal from the detector, which this
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beat signal 46-being determined by the relative motion of the

object surface parallel to this surface. The optical measuring

module of EP-A 0 942 285 comprises, besides the grating, a

collimator lens, a focusing lens and a pinhole diaphragm, preceding

the detector, which these elements ohould having to be aligned very

accurately. This complicates the manufacture and increases the

costs of the module, which is intended to be a mass -produced

consumer product.

SUMMARY OF THE INVENTION

[0007] it is an object of the invention to provide a method as

described in the opening paragraph, which is based on another

detection principle and allows the use of an optical configuration

with fewer components, and is easier to manufacture. This method is

characterized in that measuring beam radiation reflected back along

the measuring beam and re-entering the laser cavity ,
which omite

emitting the measuring beam, is selected^ and in that changes in

operation of the laser cavity, which are due to interference of the

re-entering radiation and the optical wave in the laser cavity and

are representative of the movement, are measured.

[0008] she-This new method of measuring the relative movement of

an input device and an object, for example^, a human finger or

another object^ uses the so-called self -mixing effect in a diode

laser. This is the phenomenon that radiation emitted by a diode

laser and re-entering the cavity of the diode laser induces a

variation in the gain of the laser and thus in the radiation
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emitted by the laser. The object and the input device are moved

relative to each other such that the direction of movement has a

component in the direction of the laser beam. Upon movement of the

object and the input device, the radiation scattered by the object

gets a frequency different from the frequency of the radiation

illuminating the object, because of the Doppler effect. Part of the

scattered light is focused on the diode laser by the same lens that

focuses the illumination beam on the object. Because some of the

scattered radiation enters the laser cavity through the laser

mirror, interference of light takes place in the laser. This gives

rise to fundamental changes in the properties of the laser and the

emitted radiation. Parameters-^ which change due to the self-

coupling effect, are the power, the frequency and the line width of

the laser radiation and the laser threshold gain. The result of the

interference in the laser cavity is a fluctuation of the values of

these parameters with a frequency that is equal to the difference

of the two radiation frequencies. This difference is proportional

to the velocity of the object. Thus the velocity of the object and,

by integrating over time, the displacement of the object can be

determined by measuring the value of one of sa-id—these parameters.

This method can be carried out with only a few and simple

components and does not require accurate alignment of these

components

.

[0009] The use of the self -mixing effect for measuring

velocities of objects, or,, in general^, solids and fluids, is known

per se. By way of example, reference is made to the article: "Small
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laser Doppler velocimeter based on the self -mixing effect in a

diode laser" in Applied Optics, Vol. 27, No._2, 15 January 1988,

pages 379-385, and the article: "Laser Doppler velocimeter based on

the self -mixing effect in a #ife^efiber- coupled semiconductor laser:

5 theory" in Applied Optics, Vol.31, No. 8, 20 June 1992, pages 3401-

3408. However, up to now, use of the self -mixing effect in an input

device as defined above has not been suggested. This new

application is based on the recognition that a measuring module

using the self -coupling effect can be made so small and cheap that

10 it can be installed easily and without much additional cost in

existing devices and apparatus.

[0010] in order to detect the direction of movement, i.e.^_ to

detect whether the object moves forward or backward along the

measuring axis, the method may be characterized in that the shape

15 of the signal representing the variation in operation of the laser

cavity is determined.

This signal is an asymmetric signal and the asymmetry for

a forward movement is different from the asymmetry for a backward

movement

.

20 [0011] Under circumstances-?- where it is difficult to determine

the asymmetry of the self -mixing signal, preferably another method

is used. This method is characterized in that the direction of

movement along said at least one measuring axis is determined by

supplying the laser cavity with a periodically varying electric

25 current and comparing first and second measuring signals with each

other, which these first and second measuring signals are being
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V

generated during alternating first half half -periods and second

half half -periods ,
respectively

.

[0012] The wavelength of the radiation emitted by a diode laser

increases, and thus the frequency of this radiation decreases, with

5 increasing temperature, thus with increasing current through the

diode laser. A periodically varying current through the diode laser

in combination with radiation from the object re-entering the laser

cavity results in a number of radiation pulses per half half-period

and thus in a corresponding number of pulses in the measured

10 signal. If there is no relative movement of the input device and

the object, the number of signal pulses is the same in each half

half -period. If the device and the object move relative to each

other, the number of pulses in one half half -period is larger or

smaller than the number of pulses in the next half half -period,

15 depending on the direction of movement. By comparing the signal

measured during one half half -period with the signal measured

during the next half half-period, not only the velocity of the

movement^ but also the direction of the movement can be determined.

[0013] This method may be further characterized in that the

20 first and second measuring signals are subtracted from each other.

[0014] The method of measuring the movement is preferably

further characterized in that it is used to perform a click action

by a single movement of the object and the input device relative to

each other along an axisT which is substantially perpendicular to

25 the object surface.
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[0015] Also said The single movement also results in_a Doppler

shift of radiation of the measuring beam scattered and reflected by

the object surface towards the laser cavity so that it can be

determined whether sa4d^the single movement has been performed by

5 measuring the change of a relevant parameter of the laser cavity.

After a cursor of, for example, a computer has been placed, on a

desired function of a displayed menu chart under the control of the

X- and Y-movement measuring systems of the input device, this

function can be activated by the &aid^single movement in the Z-

10 direction.

[0016] The method of measuring is mo^e-preferably further

characterized in that it is used to determine both a scroll action

and a click action by movement of the object and the input device

relative to each other in a first direction parallel to the object

15 surface and in a second direction substantially perpendicular to

the object surface.

[0017] A scroll action is understood to mean an uis-up/down, or

4owa-down/up, movement of a cursor across a menu. Such an action

can be realized by moving a finger in a given direction over iftr-the

20 input device. With this method^ measurements along a first

measurement axis, parallel to the object surface, and a second

measurement axis^ substantially parallel to ^hins^the object

surface^ may be carried out. The first measurement furnishes

information about the scroll -action and the second measurement

25 furnishes information about the click action. Alternatively the two

measurement axes may be at opposite angles relative to a normal to
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the object surface. Then the signals of the two measurement axes

both comprise information about the scroll action and the click

action. The specific scroll action information as well as the

specific click action information can be isolated by appropriate

5 combining the signals of the two measuring actions.

[0018] The changes in the operation of the laser cavity can be

determined in several ways

.

[0019] A first embodiment of the measuring method is

characterized in that the impedance of the diode laser cavity is

10 measured.

[0020] The impedance of the laser diode is one of the

parameters-r which change due to the interference effect^ and is a

function of the relative movement of the input device and the

object. This impedance can be determined by measuring the voltage

15 across the diode laser and dividing the measured voltage value by

the known value of the electric current sent through the diode

laser.

[0021] A preferred embodiment of the method is characterized in

that the intensity of the laser radiation is measured.

2 0 [0022] Measuring the intensity of the laser radiation is the

simplest way of determining the changes in the laser cavity,

because this can be done with a simple photo diode.

[0023] The invention also relates to an input device provided

with an optical module for carrying out the method, which this

25 module comprise s comprising at least one laser, having a laser

cavity, for generating a measuring beam, optical means for
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converging the measuring beam in a plane near the object^ and

converting means for converting a measuring beam radiation

reflected by the object into an electric signal. The sa-i^-plane may

be_a plane of a window in the module housing or a plane near t©

this window. This input device is characterized in that the

converting means a^e-is constituted by the combination of the laser

cavity and measuring means for measuring changes in operation of

the laser cavity, which arethese changes being due to interference

of reflected measuring beam radiation re-entering the laser cavity

and the optical wave in this cavity^, and aee-being representative

of the relative movement of the object and the module.

[0024] By implementing the optical module in existing input

devices, thoce the input devices can be made simpler, cheaper and

more compact. Moreover, new applications of input devices,

especially in consumer products^ become possible.

[0025] A first embodiment of the input device is characterized

in that the measuring means a^e-is means for measuring a variation

of the impedance of the laser cavity.

[0026] A preferred embodiment of the input device is

characterized in that the measuring means is a radiation detector

for measuring radiation emitted by the laser.

[0027] The radiation detector may be arranged in such a way that

it receives part of the radiation of the measuring beam.

[0028] This embodiment of the input device is, however,

preferably characterized in that the radiation detector is arranged
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at the side of the laser cavity opposite the side where the

measuring beam is emitted.

[0029] Generally, diode lasers are provided with a monitor diode

at their rear side. Usually, such a monitor diode is used to

5 stabilize the intensity of the laser beam emitted at the front side

of the diode laser. According to the invention, the monitor diode

is used to detect changes in the laser cavity , which are generated

by radiation of the measuring beam re-entering the laser cavity.

[0030] An input device for measuring a movement of an object and

10 the device relative to each other in a plane parallel to the

illuminated surface of the object, is characterized in that it

comprises at least two diode lasers and at least one detector for

measuring the relative movement of the object and the device along

a first and a second measuring axis, which these axes are being

15 parallel to the illuminated surface of the object.

[0031] As will be explained later—©n, this device and other

devices utilizing two or more measuring beams^ may be provided with

a separate detector for each measuring beam. However, it is also

possible to use one and the same detector for all measuring beams

20 if time-sharing is used.

[0032] An input device which allows a third relative movement of

the object and the device to be determined, is characterized in

that it comprises three diode lasers and at least one detector for

measuring a relative movement of the object and the device along a

25 first, a second and a third measuring axis, the first and second
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axes being parallel to the illuminated surface of the object^ and

the third axis being substantially perpendicular to this surface.

[0033] This embodiment of the input device recognizes a single

movement of the object and the device along the third measuring

5 axis and converts it into an electric signal by means of which a

click action may be determined.

[0034] An input device which allows to de t erminedetermining both

a scroll action and a click action is characterized in that it

comprises two diode lasers and at lest one detector for measuring

10 relative movements of the object and the device along a first

measuring axis parallel to the object surface and along a second

measuring axis substantially perpendicular to the object surface.

[0035] The first measuring axis is used to determine a scroll

action and the second macuring measuring axis is used to determine

15 a click action.

[0036] Alternatively^ this input device may be characterized in

that it comprises two diode lasers and at least one detector for

measuring relative movements of the object and the device along a

first and a second measuring axis, which arethese axes being at

20 opposite angles with respect to a normal to the object surface.

[0037] The signals from both measuring axes comprise information

about the scroll action and the click action^ and by appropriately

combining the information of the two measuring axes^ the specific

scroll action information can be isolated, as well as the specific

25 click action information.
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[0038] With respect to the constructional aspect, the input

device may have several embodiments. A first embodiment is

characterized in that the optical means comprises a lens arranged

between said at least one laser and associated detector^ on the one

5 hand, and an action plane, on the other hand, the at least one

laser being positioned eccentrically with respect to the lens.

[0039] An action plane is understood to mean a plane where a

movement is measured, i.e.^ a plane where movement takes place and

where measurement beams arrive. The action plane may be the plane

10 of a window in the device housing or a plane near £e-this window.

The lens may be a rotationally symmetric lens or may have another

shape. Due to the eccentric position of the lasers with respect to

the lens element, it is ensured that corresponding illumination

beams are incident on the window of the device at an acute angle so

15 that these beams have a component along the associated measuring

axis. For the following explanation, the term optical axis is

introduced, which is understood to mean the symmetry axis of the

lens, or the module, which axis is perpendicular to the window of

the module

.

2 0 [0040] If this embodiment comprises two diode lasers, it may be

characterized in that the diode lasers are arranged such that the

lines connecting their centers with the optical axis of the lens

are at an angle of substantially 90° with respect to each other.

[0041] If this embodiment comprises three diode lasers, it may

25 be characterized in that the diode laser are arranged such that the
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lines connecting their centers with the optical axis of the lens

are at angles of substantially 120° with respect to each other.

[0042] The output signals of the detectors can be supplied to a

common signal -processing circuitry wherein at least two of the

5 detector signals are used for each measuring axis to determine the

movement along the relevant axis. In this way, more accurate values

for the movements can be obtained.

[0043] In the input device^ a diode laser of the type VCSEL

(vertical cavity surface emitting laser) may be used. Such a laser

10 emits radiation in the vertical direction, which make smaking it

suitable for the present device. However, currently^ since such a

laser is quite costly, it is not very suitable for consumer mass

products

.

[0044] For this reason, preference is given to an input device

15 which is characterized in that each diode laser is a horizontal

emitting laser^ and in that the device comprises, for each diode

laser, a reflecting member reflecting the beam from the associated

diode laser to an action plane.

[0045] Horizontal emitting diode lasers are the most commonly

20 used lasers and are much cheaper than a VCSEL. Providing the device

with a reflecting member adds little to the costs of this device.

[0046] An embodiment of the input device, which can be

manufactured relatively easily and at low cost, is characterized in

that it is composed of a base plate on which the at least one diode

25 laser and associated detector are mounted, a cap member fixed to
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the base plate and comprising the window^ and a lens accommodated

in the cap member.

[0047] This embodiment is composed of only three portions-r which

can be assembled easily and without severe alignment requirements.

5 [QQ48] An embodiment of the input device, which is even easier

to manufacture, is characterized in that the lens is integrated in

the cap member having an internal surface which is curved towards

the base plate

.

[0049] This embodiment is composed of only two portions.

10 [0050] These embodiments are preferably further characterized in

that the base plate, the cap member and the lens are made of a

plastic material.

[0051] Components made of such a material may be cheap and low

weight and thus are suitable for consumer products. Only the

15 material of the lens should be transparent and have some optical

quality.

[0052] An alternative embodiment, i.e.j_ without a lens, is

characactorizod characterized in that each diode laser is coupled

to the entrance side of a separate light guide, the exit side of

20 which is positioned at the window of the device.

[0053] In this embodiment, the radiation of an illumination beam

is well isolated from its surroundings so that cross talk between

the movements along different axes is eliminated or strongly

reduced.

25 [0054] This embodiment is preferably characterized in that the

light guides are optical f ibres fibers .
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Optical fibres fibers are flexible, have a small cross-

section and show little attenuation per length unit^ and thus allow

location of the window of the device at a larger distance from the

diode lasers and the detectors.

5 [0055] The embodiment with optical fibres fibers is preferably

characterized in that it comprises three diode lasers and three

light guides, and in that the exit sides of the light guides are

arranged in a circle at a mutually angular spacing of substantially

120°.

10 [0056] The input device may be used in different applications,

such as_L in a mouse for a desktop computer, in a keyboard of a

desktop or laptop computer, in a remote control unit for different

apparatus, in a mobile phone, otcotoracetc

.

, ac defined in claims

27-33 .

15

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] These and other aspects of the invention are apparent

from and will be elucidated, by way of non- limitative example, with

reference to the embodiments described hereinafter. In the

20 drawings:

[0058] Fig. la shows, in cross- section, a first embodiment of

the device according to the invention;

[0059] Fig. lb is a top view of this device;

[0060] Fig. 2 illustrates the principle of the measuring method

25 of the input device;
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[0061] Fig. 3 shows the variation of the optical frequency and

of the gain of the laser cavity as a function of the movement of

the device and the object relative to each other;

[0062] Fig. 4 illustrates a method of measuring this variation;

5 Fig. 5 shows the variation of laser wavelength as a

function of the temperature of the laser with optical feedback;

[0063] Fig. 6 shows the effect of the use of a periodically

varying drive current for a laser;

[0064] Fig. 7 illustrates how the direction of movement is

10 detected;

[0065] Fig. 8 shows a diagram of an input device with three

measuring axes;

[0066] Figs. 9a and 9b show a second embodiment of the input

device;

15 [0067] Fig._10 shows a third embodiment of this device;

[0068] Figure s Figs. 11a and lib show a fourth embodiment of

this device;

[0069] Fig._12 shows a mobile phone equipped with the input

device;

20 [0070] Fig._13 shows a cordless phone equipped with the input

device

;

[0071] Fig._14 shows a TV set equipped with the input device;

[0072] Fig._15 shows a laptop computer equipped with the input

device;

25 [0073] Fig._16 shows a desktop computer equipped with the input

device;
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[0074] Fig._17 shows a pen equipped with the input device,

[0075] Fig^ 18 shows a virtual pen equipped with the input

device

;

[0076] Fig.__19 shows an ultrasound scanning device equipped with

5 the input device;

[0077] Figs._20 and 21 shows a first embodiment of an input

device for scrolling and clicking-?— ; and

[0078] Fig._22 shows a second embodiment of such a device.

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0079] Fig._la is a diagrammatic cross -section of the input

device. The device comprises^ at its lower side_^ a base plate 1,

which is a carrier for the diode lasers, in this embodiment lasers

of the type VCSEL, and the detectors, for example^ photo diodes. In

15 Fig.__la^_ only one diode laser 3 and its associated photo diode 4 is

visible, but usually at least a second diode laser 5 and associated

detector 6 is provided on the base plate, as shown in the Fig._lb

top view of the apparatus. The diode lasers 3 and 5 emit laser, or

measuring, beams 13 and 17, respectively^ At its upper side^ the

20 device is provided with a transparent window 12 across which an

object 15, for example^ a human finger is to be moved. A lens 10,

for example^ a plano-convex lens^ is arranged between the diode

lasers and the window. This lens focuses the laser beams 13 and 17

at or near the upper side of the transparent window. If an object

25 15 is present at this position, it scatters the beam 13 (and 17) . A

part of the radiation of beam 13 is scattered in the direction of
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the illumination beam 13 and this part is converged by the lens 10

on the emitting surface of the diode laser 3 and re-enters the

cavity of this laser. As will be explained hereinafter, the

radiation returning in the cavity induces changes in this cavity,

5 which results in, inter alia, a change of the intensity of the

laser radiation emitted by the diode laser. This change can be

detected by the photo diode 4, which converts the radiation

variation into an electric signal, and applies the electric signal

to an electronic circuitry 18 for processing this signal. The

10 illumination beam 17 is also focused on the object, scattered

thereby and part of the scattered radiation re-enters the cavity of

the diode laser 5. The circuitry circuits 18 and 19, for the signal

of the photo diode s 4 and 6, shown in Figures Figs, la and lbj_ ha^

have only as^-illustrative purposes and may be more or less

15 conventional. As is illustrated in Fig._lb, £fe4s--these circuitry

4hss are interconnected.

[0080] Fig._2 illustrates the principle of the input device and

the method of measuring^ according to the present invention^ when a

horizontal emitting diode laser and a monitor photo diode arranged

2 0 at the rear facet of the laser are used. In this Figure, the diode

laser, for example^ diode laser 3 is schematically represented by

its cavity 2 0 and its front and rear facets, or laser mirrors, 21

and 22, respectively. The cavity has a length L. The object, whose

movement is to be measured, is denoted by reference numeral 15. The

25 space between this object and the front facet 21 forms an external

cavity, which has a length L0 . The laser beam emitted through the
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front facet is denoted by the reference numeral 25 and the

radiation reflected by the object in the direction of the front

facet is denoted by reference numeral 26. Part of the radiation

generated in the laser cavity passes through the rear facet and is

5 captured by the photo diode 4

.

[0081] If the object 15 moves in the direction of the

illumination beam 13, the reflected radiation 26 undergoes a

Doppler shift. This means that the frequency of this radiation

changes or that a frequency shift occurs. This frequency shift is

10 dependent on the velocity with which the object moves and is of the

order of a few kHz to MHz . The frequency- shifted radiation re-

entering the laser cavity interferes with the optical wave, or

radiation generated in this cavity, i.e.^ a self -mixing effect

occurs in the cavity. Dependent on the amount of phase shift

15 between the optical wave and the radiation re-entering the cavity,

this interference will be constructive or negative, i.e.^ the

intensity of the laser radiation is increased or decreased

periodically. The frequency of the laser radiation modulation

generated in this way is exactly equal to the difference between

2 0 the frequency of the optical wave in the cavity and that of

Doppler-shifted radiation re-entering the cavity. The frequency

difference is of the order of a few kHz to MHz and thus easy to

detect. The combination of the self -mixing effect and the Doppler

shift causes a variation in the behaviour of the laser cavity;

25 especially its gain, or light amplification, varies.
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[0082] This is illustrated in Fig. 3. In this Figuref igure ,

curves 31 and 32 represent the variation of the frequency n of the

emitted laser radiation and the variation of the gain g of the

diode laser, respectively, as a function of the distance L0 between

5 the object 15 and the front mirror 21. Both n, g and L0 are in

arbitrary units. As the variation of the distance L 0 is the result

of movement of the object, the abscissa of Fig._3 can be re -scaled

in a time axis, so that the gain will be plotted as a function of

time. The gain variation Ag as a function of the velocity v of the

10 object is given by the following equation:

In this equation:

-[0083] K is the coupling coefficient to the external cavity; it

15 is indicative of the quantity of radiation coupled out of the laser

cavity;

—[0084] v is the frequency of the laser radiation;

-[0085] v is the velocity of the object in the direction of the

illumination beamj^

20 —[0086] t is the moment of time-?—; and

-[0087] c is the light velocity.

[0088] The equation can be derived from the theory on the self-

mixing effect disclosed in the two articles mentioned herein above.

The object surface is moved in its own plane, as is indicated by

25 the arrow 16 in Fig._2. Because the Doppler shift occurs only for

an object movement in the direction of the beam, this movement 16

L c c
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should be such that it has a component 16' in this direction.

Thereby, it becomes possible to measure the movement in an XZ

plane, i.e.^ the plane of drawing of fig.2 Fiq. 2, this which

movement can bebeing called the X movement. Fig._2 shows that the

5 object surface has a skew position with respect to the rest of the

system. In practice, usually the measuring beam is a skew beam and

the movement of the object surface will take place in an XY-plane.

The Y-direction is perpendicular to the plane of the drawing in

Fig_^ 2. The movement in this direction can be measured by a second

10 measuring beam, emitted by a second diode laser, and scattered

light of which is captured by a second photo diode associated with

the second diode laser. A (the) skew illumination beam(s) is (are)

obtained by arranging the diode laser (s) eccentrically with respect

to the lens 10, as shown in Fig.l.

15 [0089] Measuring the variation of the laser cavity gain caused

by the object movement by measuring the intensity of the radiation

at the rear laser facet by-with a monitor diode^ is the simplest,

and thus the most attractive way. Conventionally, this diode is

used for keeping the intensity of the laser radiation constant, but

20 now it is also used for measuring the movement of the object.

[0090] Another method of measuring the gain variation, and thus

the movement of the object, makes use of the fact that the

intensity of the laser radiation is proportional to the number of

electrons in the conduction band in the junction of the laser. This

25 number^ in turn^_ is inversely proportional to the resistance of the

junction. By measuring this resistance, the movement of the object
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can be determined. An embodiment of this measuring method is

illustrated in Fig._4. In this Figure figure , the active layer of

the diode laser is denoted by the reference numeral 35 and the

current source for supplying this laser is denoted by reference

5 numeral 36. The voltage across the diode laser is supplied to an

electronic circuit 40 via a capacitor 38. This voltage, which is

normalized with the current through the laser, is proportional to

the resistance, or impedance, of the laser cavity. The inductance

3 7 in series with the diode laser forms a high impedance for the

10 signal across the diode laser.

[0091] Besides the amount of movement, i.e.^ the distance across

which the object is moved and which can be measured by integrating

the measured velocity with respect to time, also the direction of

movement has to be detected. This means that it has to be

15 determined whether the object moves forward or backward along an

axis of movement. The direction of movement can be detected by

determining the shape of the signal resulting from the self -mixing

effect. As shown by graph waveform 32 in Fig._3, this signal is an

asymmetric signal. The graph waveform 32 represents the situation

20 where the object 15 is moving towards the laser. The rising slope

32* is steeper than the falling slope 32". As described in the

above-mentioned article in Applied Optics, Vol. 31, No.__8, 20 June

1992, pages 3401-3408, the asymmetry is reversed for a movement of

the object away from the laser, i.e.^_ the falling slope is steeper

25 than the rising slope. By determining the type of asymmetry of the

self -mixing signal, the direction of movement of the object can be
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ascertained. Under certain circumstances, for example^ for a

smaller reflection coefficient of the object or a larger distance

between the object and the diode laser, it may become difficult to

determine the shape or asymmetry of the self -mixing signal.

5 [0092] In another, preferred, method of determining the

direction of movement, use is made of the fact that the wavelength

1 of the laser radiation is dependent on the temperature of, and

thus the current through, the diode laser. If, for example, the

temperature of the diode laser increases, the length of the laser

10 cavity increases and the wavelength of the radiation that is

amplified increases. Curve 45 of Fig._5 shows the temperature (Td )

dependency of the wavelength 1 of the emitted radiation. In this

Figure, both the horizontal axis, Td , and the vertical axis, A, are

in arbitrary units.

15 [0093] If, as is shown in Fig._6, a periodic drive current Id ,

represented by the graph waveform 50, is supplied to the diode

laser, the temperature Td of the diode laser rises and falls

periodically, as shown in graph waveform 52. This results in a

standing optical wave in the laser cavity which has a periodically

2 0 varying frequency^ and^_ thus^ a continuously varying phase shift

with respect to the radiation reflected by the object and re-

entering the cavity with a certain time delay. In every half half-

period of the drive current, there are now successive time segments

wherein the diode laser gain is higher and lower, depending on the

25 phase relation of the wave in the cavity and the reflected

radiation re-entering the cavity. This results in a time -dependent
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intensity variation (I) of the emitted radiation as shown in graph

waveform 54 of Fig._6. This graph waveform represents the situation

for a stationary, or non-moving, object. The number of pulses in a

first haj^half -period Mp(a) is equal to the number of pulses in a

5 second ha3r£-half -period Mp(b) .

[0093] A movement of the object causes a Doppler shift of the

radiation re-entering the laser cavity, i.e.^_ this frequency

increases or decreases dependent depending on the direction of

movement. A movement of the object in one direction, the forward

10 direction, causes a decrease of the wavelength of the re-entering

radiation, and a movement in the opposite direction causes an

increase in the wavelength of this radiation. The effect of the

periodic frequency modulation of the optical wave in the laser

cavity is that, in case the Doppler shift has the same sign as the

15 frequency modulation in the laser cavity, the effect of Doppler-

shifted radiation re-entering the cavity is different from the

effect this radiation has in case &a4d^the frequency modulation and

Doppler shift have opposite signs. If the two frequency shifts have

the same sign, the phase difference between the wave and the re-

2 0 entering radiation changes at a slow rate, and the frequency of the

resulting modulation of the laser radiation is lower. If the two

frequency shifts have opposite signs, the phase difference between

the wave and the radiation changes at a faster rate, and the

frequency of the resulting modulation of the laser radiation is

25 higher. During a first haj^-half -period ^p(a) of the driving laser

current, the wavelength of the generated laser radiation increases.
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In the case of a backward moving object, the wavelength of the re-

entering radiation also increases, so that the difference between

the frequencies of the wave in the cavity and that of the radiation

re-entering this cavity is lower. Thus^ the number of time segments

5 during which the wavelength of re-entering radiation is adapted to

the wavelength of the generated radiation is smaller than in the

case of absence of electrical modulation of the emitted laser

radiation. This means that, if the object moves in the backward

direction, the number of pulses in the first half half-period is

10 smaller than if no modulation would be applied. In the second half

half -period % p(b), wherein the laser temperature and the

wavelength of the generated radiation decrease, the number of time

segments wherein the wavelength of the re-entering radiation is

adapted to that of the generated radiation increases. Thus, for a

15 backward moving object, the number of pulses in the first half

half -period is smaller than the number of pulses in the second half

half -period. This is illustrated in graph waveform 58 of Fig._7,

which graphthis waveform showing chows the intensity Ib of the laser

radiation emitted if the object moves in the backward direction.

2 0 Comparing this graph waveform with graph waveform 54 of Fig._6

shows that the number of pulses in the first half half -period has

decreased^ and the number of pulses in the second half half-period

has increased.

[0094] It will be clear from the above reasoning that if the

25 object moves in the forward direction, in which the wavelength of

radiation scattered by the object and re-entering the laser cavity
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decreases due to the Doppler effect, the number of pulses in a

first haj^-half -period Mp(a) is larger than the number of pulses in

a second ha4£-half -period Mp(b) . This can be verified by comparing

g^aeh-waveform 56 of Fig. 7, representing the intensity I f of the

5 radiation emitted in the case of a forward moving object. In an

electronic processing circuit, the number of photo diode signal

pulses counted during the second fea^f-half -period *p(b) is

subtracted from the number of pulses counted during the first fe*±£

half -periods *p(a) . If the resulting signal is zero, the object is

10 stationary. If the resulting signal is positive, the object moves

in the forward direction and if this signal is negative, the object

moves in the backward direction. The resulting number of pulses is

proportional to the velocity of the movement in the forward and

backward directions, respectively.

15 [QQ95] Under certain circumstances, for example^ if the optical

path length between the laser and the object is relatively small

and the frequency and amplitude of the electrical modulation are

relatively small, whoroac while the movement to be detected is

relatively fast, it may occur that the number of pulses generated

20 by the Doppler effect is higher than the number of pulses generated

by the electrical modulation. In such situations^ the direction of

movement can still be detected by comparing the number of pulses

during a first haO^half -period with the number of pulses during a

second ha4f-half -period. However, the velocity is then not

25 proportional to the difference of these two numbers. In order to

determine the velocity in such situations, the sai^two numbers
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should be averaged and a constant value should be subtracted from

the result. The number obtained in this way.,, is a measure for the

velocity. A person skilled in the art can easily design an

electronic circuit for carrying out this calculation.

5 [0096] instead of the triangular shaped drive current Id used in

the embodiment described with reference to Figuroc Fiqs. 5 and 6,

also a drive current of another shape, such as rectangular shape,

may be used.

[0097] The method of measuring the velocity and the direction of

10 the object movement described above can also be used if the gain

variation is determined by measuring the variation of the

resistance of the diode laser cavity.

[0098] The measuring method requires only a small Doppler shift,

for example^, in terms of wavelength, a shift of the order of

15 i f
5.i.5X10- ls m, which corresponds to a Doppler frequency shift of

the order of 100 kHz for a laser wavelength of 680 nm.

[0099] Object movements along two perpendicular (X and Y)

directions, or measuring axis, in one plane can be measured with

the input device of Fig._l, wh4€h-this device comprice c comprising

20 two diode lasers and associated photo diodes in a perpendicular

orientation. Adding a third diode laser and an associated photo

diode to the device enables this device to measure also the

movement along a third, Z-, direction, or measuring axis. The third

diode laser may be arranged on the optical axis of the lens 10 so

25 that the third illumination beam is perpendicularly incident on the

window 12 and the object and has no components in the other
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directions. An optimum measuring signal for the Z direction may-

then be obtained. In order to increase the reliability and accuracy

of the X and Y measuring signals, three diode lasers are preferably

arranged in a circle and at a mutual angular distance of 120°. This

5 configuration is shown in Fig._8 wherein the third diode laser and

third photo diode are denoted by the reference numerals 7 and 8,

respectively. If the output signals of the photo diodes 4, 6 and 8,

or the resistance measuring signals, are represented by S 4/ S 6 and

S 8J_ respectively, the object velocities Vx , Vy and Vz along the X, Y

10 and Z measuring axes, respectively^ can be calculated, for example,

as follows:

Vx = 2 S 4
- S 6

- S 8

Vv = V3-^(S 8
- S 6 )

15 V2 = 1/V2^(S 4 + S 6 + S 8 )

[0100] The electronic circuit for performing this calculation

comprises summing and subtracting elements and is relatively easy

to implement

.

20 [0101] The values of the velocities and, by integration with

respect to time duration of movement, the distance of the movement

in the X and Y directions obtained in this way are more reliable

and accurate, because they are the result of averaging the output

signals of at least two photo diodes. Movement errors, or unwanted

25 movements, such as slightly lifting the finger, have a similar

effect on the output signals of the photo-diodes. As the movements

S :
\GO\SG23GOA0 . RED 28



PHNL 000611

along the X and Y measuring axes are determined by subtracting

output signals from each other, the influence of an unwanted

movement on the X- and Y measuring signal is eliminated. Only the

Z-measuring signal, V2-r, which is obtained by adding the output

5 signals of the three photo diodes is indicative of an up/down

movement of the finger, or another object.

[0102] In applications wherein the movement of a human finger in

the Z direction and the input device relative to each other is used

to perform a click function, it suffices to detect that such a

10 movement takes place. An accurate measuring of the displacement of

the object is not necessary so that the Z-measurement may be rather

rough. Even the direction of the movement need not be detected.

[0103] Hardly any requirements have to be set to the structure

or reflection coefficient of the object-r which is moved relative to

15 the input device. It has been demonstrated that also the relative

movement of a piece of blank paper and the device can be easily

measured.

[0104] From an optical point of view, the dimensions of the

optical module may be very small. The size of the input device is

20 mainly determined by the amount of electronics that has to be

incorporated in the device and by the aspect of easy mass

manufacturing. In practical embodiments, the window has a size of 3

mm to 5 mm squared. Because of the measuring principle used in this

device, its components need not be aligned accurately, which is a

25 great advantage for mass production.
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[0105] In the embodiment of Fig._l, the lens 10 may be made of

glass or a transparent plastic material, like for example,

polycarbonate (PC) or polymethyl methacrylate (PMMA) . Such a lens

can be fixed to the substrate-r carrying the diode lasers, the photo

5 diodes and processing circuitry, by means of a transparent glue

layer 11, for example^ of epoxy. For this embodiment, it is assumed

that the diode lasers radiate in the vertical direction, so that

these lasers may be of the VCSEL type. Such a laser can easily be

placed on the base plate by means of a wire bounding technique.

10 [0106] Preferably more conventional side emitting diode lasers,

which havehavinq a horizontal cavity, are used because they are

considerably cheaper. Such a laser can be mounted in such a way

that it radiates in the vertical direction. For example, the laser

can be mounted on a small table. It is, however, also possible to

15 mount side -emitting diode lasers in such a way that they emit in

the horizontal direction. Fig.__9a is a vertical cross-section of an

embodiment of the input device with such lasers^ and Fig._9b is a

top view of the lower part of this device. In these Figure s figures ,

1 is the base, or housing, plate from which electrical contact pins

20 62 protrude. This base plate has such heat -conduction that it can

function as a cooling element for the diode lasers. The electronic

circuitry, shown schematically in the Figures Figs. 1 and 8, may be

mounted on a layer 60 of silicon or another material, which this

layer forms forming a circuit board. Also the embodiment of Fig.__l

25 may comprise such a layer. Elements 3, 5 and 7 are the side

emitting diode lasers. For each of these lasers, a reflecting
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member 64 is provided-,

—

which reflect for reflecting the

horizontally emitted beam 68, 70 from the diode lasers in the

vertical direction through the lens 10 towards the window 12 at the

top of the device. Preferably the reflecting elements have a

5 spherical shape so that they have also some optical power and

convert the incident diverging beam 68, 70 into a less divergent,

or a collimated, or even slightly converging, beam. The optical

power of the lens 10 can then be smaller than that of the lens_10

in the embodiment of Fig._l. Also in the embodiment of Figure s

10 Figs

.

9a and 9b, the lens 10 may be a glass lens, but is preferably

a plastic lens. A plastic lens is cheaper and lighter than a glass

lens and is very suitable in this application because no stringent

optical requirements are set to this lens. A cap 66, which is

preferably made of plastics and is provided with a transparent

15 window 12, forms the housing of the device together with the

housing plate 1. The three, or in case only two diode lasers are

used^ the two, reflecting members may be constituted by one

plastics ring which is covered by a reflecting coating. Said The

plastic ring may form an integral part of the base plate 1. The

20 input device then mainly consists of plastic material and is

composed of only three constructional parts, which can easily be

assembled. These parts are: the base plate 1, which is provided

with the reflecting ring, the contact pins 62 and the diode lasers

and associated photo diodes, the lens 10 and the cap 66 provided

25 with the window 12.
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. preferred embodiment of the input device

ISim
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o£ parts has been carried out. m
herein a further i^*"^ ^ ^ M o{ the embodiment of

this embodiment, the oap 66 an
^ ^ ^^ ^
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the same refractive effect
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che window. AS, moreover, ^ iUumination beams form
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example, the plane of the

=Datlally separated, so the
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scattered radxation are suf
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i^rrt-hs For this purpose,
different wavelengths.
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; 1 diode lasers, which causes only one

25 use of a control drrve for
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laser to be activated at any moment. A
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;
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circuit. ^SfiiLcircuit alternately a^^s-activat^the |

Afferent diode lasers, .ay constitute such a control drive. Such

muitiplexing circuit aliows ^^^jo^m °£ «° "

three diode lasers by——- ^tector, or photodiode, which

S is arranged within reach o£ each of the diode lasers and is used in

. ^timesharing mode. An additional advantage of the sediment

with such a driving circuit, is that the space needed for the

circuitry and the electric power consumption of the device is

reduced. .

10 [0X10, -i*-^*^"- and lib show an embodiment of the input

ZZ. wherein the nomination beams are guided to the window by

optical ^fibe^- i" «
—Cti°n

llb is a top view of this embodiment. The input ends of the «~
fibers 72. 73 and 74 are optically coupled to the diode lasers 3, S

15 ^respectively, in a well-own way. IX output ends of^
tt^fibe^are located at the window of the device. The

tibers may be embedded in a cap 7B of solid material, for example

^r another transparent or ncn- transparent material. Each of

these Wb^fibe^forms an isolator for the radiation guided by

20 this ^fibe^, both for the illumination radiation from the

j n,= scattered radiation returning to

associated diode laser and the scattered r

risibility of crosstalk between

this laser. As a consequence, the possibility

tne different measuring axes is very small to ^none-

advantages of Wb^fibe^are that they are flexible, which

25 increases the design possibilities, and that they can transport

radiation over arbitrary distances so that the diode lasers and
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photodiodes can be arranged at quite remote distances from the

window of the input device. In the embodiment of Figures Figs. 11a

and lib, the diode lasers and associated photo diodes are arranged

close together. These elements may be arranged in a separate

5 compartment 79 , as shown in Fig._lla, which this compartment may

bebeing of the same material as the cap or of another material

.

[0111] Instead of fibres fibers , other light guides may be used,

for example, channels in a body of transparent or non- transparent

material

.

10 The embodiments of Figure s Figs. 8 -lib may be provided

with two, instead of three, diode lasers. This will be the case if

the input device has to measure only X and Y movements and a Z

measurement, for example^ for a click function, is not needed.

Instead of diode lasers, other small laser devices may be used and

15 other small radiation- sensitive devices may replace the photo

diodes

.

[0112] As the input device described above can be manufactured

at low costs, it is very suitable to be implemented in mass^

produced consumer apparatus. Because of its very small size and

20 light-weight, this device can easily be integrated in existing

apparatuses, thereby increasing the capabilities of these

apparatuses without substantially increasing their costs and weight

and without changing their original design.

[0113] Fig. 12 shows a first and important application of the

25 new input device, namely in a mobile, or cellular, telephone

apparatus 80. The front surface of this apparatus is provided with
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a key entry section 82, which comprises a number of button switches

83 for dial entry and other functions. A display device 85 is

disposed above the section 82 and an antenna 87 is provided on the

top surface of the phone 80. When a dial, such as a ten-key dial,

5 or another command is entered from the button switches 83,

information relating to the entered command is transmitted via a

transmitting circuit, not shown, in the phone and the antenna to a

base station of a telephone company. Other commands entered via the

button switches may be processed in the phone circuitry to activate

10 different functions built in the phone circuitry, such asx

selecting a given phone number of a stored list or sending a given

message from o£-a table of standard messages. By providing the

phone apparatus with an input device and additional circuitry to

control the movement of a cursor 88 across the display device 85,

15 some of the existing functions can be performed in an easier way

and new functions can be created. The input device 89, only the

window of which is shown in Fig._12, may be arranged at any of

several positions on the phone, for example^ below the button

switches, as shown in Fig._12, or on one of the side surfaces.

20 Preferably^ the window of the input device is located at one of the

positions where the fingers are usually placed to hold the phone

apparatus. The circuitry of the apparatus is able to display a menu

of functions and a movement of a finger across the input window of

the device 89 can move the cursor 88 to a given function. Moving

25 the finger in a direction perpendicular to the window can activate

this function.
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[0114] The input device can provide great advantages when

integrated in mobile phone provided with a standard protocol, such

as the WAP protocol or the I -mode interne t Internet protocol. By

means of such a protocol, the apparatus can be used as a terminal

5 for a worldwide communication network, such as the Internet. As

this becomes more and more widely spread and used, there is a need

for new end user apparatus. First candidates are TV sets equipped

with a eet^set- top box and mobile phones. For the new purpose,

these apparatus should be equipped with a small input device that

10 fits well in, for example^ the TV remote control unit or the mobile

phone. The input device of the present invention perfectly meets

these requirements

.

[0115] This input device can also be used in a cordless phone

apparatus for the same purposes as in the mobile phone apparatus. A

15 cordless phone apparatus 90 is shown in Fig.__13. This apparatus is

composed of a base station 92, which is connected to a phone or

cable network and the movable apparatus 94 which can be used within

an area with a radius of, for example, less than 100 m from the

base station. Apparatus 94 comprises a key entry section 95 and a

20 display device 97. In a similar way as described for the mobile

phone apparatus, the apparatus 94 can be provided with an input

device 99 as described above. Also in Fig.__13, only the window of

the input device 99 is shown. Like the mobile phone apparatus, the

apparatus 94 should be small and light-weight and implementation of

25 the input device in the cordless phone apparatus provides the same

advantages as its implementation in the mobile phone apparatus,
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especially if the cordless apparatus is provided with, for example^

the WAP protocol or the I -mode protocol for access to the Internet.

[0116] A conventional TV set 100, shown in Fig._14 and

comprising a receiver and display apparatus 101 and a remote

5 control unit 107, can be made suitable for Internet communication,

by adding a set^set- top box 105 to it. This box provides access to

the Internet via a phone or cable network, and converts the signal

received from the Internet into a signal that can be processed by

the TV set in order to display the Internet information. As a user

10 of the TV Internet should have the input device for Internet

commands at hand, this input device should be integrated in the

remote control. According to the invention, an optical input device

109 as described herein before is built in the remote control unit

107. The device 109, of which only the window is shown, may be

15 arranged between the conventional buttons of the remote control

unit or at any other position within reach of any of the human

fingers holding the remote control unit.

[0117] The input device of the present invention may also be

used in a computer configuration to replace a conventional hand-

20 driven track-ball mouse or a mouse pad. Fig._15 shows a portable

computer, known as notebook or laptop, comprising a base portion

112 and a cover portion 115 with an LCD display 116. The base

portion accommodates the different computer modules and the

keyboard 113. In this keyboard, an optical input device 119 of the

25 present invention is arranged which replaces the conventional mouse

pad. The input device may be arranged at the position of the
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10

conventional mouse pad or at any other easily accessible position.

If the input device is used to measure the movement of a finger in

only two directions and thus has to perform only the functions of

the conventional mouse pad, it needs to comprise only two diode

lasers. Preferably^ an input device is used which comprises three

diode lasers and thus has a click function so that it replaces also

a conventional click button of the notebook.

[0118] A hand-held, or palm-top, computer is a smaller version of

the notebook. Also such a palmtop computer may be provided with an

optical input device according to the invention, for example^ to

replace a pen for touching the display screen, which this pen is

beinq usually applied to select a function of a displayed menu. The

optical input device may be arranged in the keyboard of the palmtop

computer, but also at the inner side of the cover.

15 [0119] Fig._l6 shows a desktop computer configuration 120

wherein the optical input device can be applied in several ways to

replace the conventional trackball mouse. The computer

configuration is composed of a keyboard 121, a computer box 122 and

a monitor 123. The monitor may be a flat LCD monitor fixed in a

support 124, as shown in the Figuro figure , or a CRT monitor.

Preferably^ an optical input device 129 is integrated in the

keyboard so that a separate mouse 126 and its cable to the computer

box are no longer needed. Instead of this, it is also possible to

replace the trackball mouse by an optical mouse equipped with the

optical input device. This device is then inverted-^-^i . e

.

j_ the

window of the device faces the underground underlying surface

20

25
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across which the mouse is moved. The input device measures this

movement and not the movement of a human finger across the window

as in the previous applications. Use is now made of the great

sensitivity of the optical input device. The device is able to

5 detect its movements relative to a rather smooth surface, for

example^ a piece of blank paper.

[0120] In the computer configurations described above, the input

device may be arranged in the display portion, instead of in the

keyboard portion, for example^ in the cover 115 of the laptop

10 computer of Fig._15 or in the cover of a palmtop computer. The

input device may also be incorporated in displays other than

computer displays.

[0121] The optical input device can also be incorporated in a

normal pen or in a virtual pen to measure the movements of such a

15 pen. In these applications, fibres fibers may be used to guide the

radiation from the diode lasers to the window of the device so that

the main part of the device can be arranged remote from the pen

point

.

[0122] Fig._17 shows a normal pen having a penholder 131 and a

20 pen point 132. A sleeve-shaped housing 136 for the components of

the input device is fixed on the penholder end opposite the pen

point. The housing 136 accommodates the diode lasers, the photo

diodes and the electronic circuitry of the input device. Optical

fibre s fibers 133, 134 guide the radiation from the diode lasers.

25 These fibres f ibers , for example, end halfway the pen point and form

the window of the input device. It is also possible to arrange the
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diode lasers and photo diodes in a position remote from the pen,,

and to transmit radiation from the diode lasers to the pen point

and back to the photo diodes, via optical fibrec fibers , one end of

which is fixed to the pen point. When the pen is moved for writing

5 a text or making a drawing, the movement is measured, i.e.^_

followed, by the input device and converted into an electric

signal. This signal is, for example^ immediately transmitted to a

computer via a wire 138 or wirelessly. The computer processes this

signal so that the written text or figure can be made visible,

10 immediately or after some time, on the computer display or sent to

another computer or archive. The pen may also be provided with

means for temporarily storing the text or graphics produced by the

pen. Usually the pen is to be moved in the horizontal plane only,

and the input device needs to comprise only two diode lasers and

15 two fibrocfibers . Under circumstances^ it could be useful that a

vertical movement of the pen can be measured. For such a case, the

input device can be equipped with a third diode laser and

fibrofiber .

[0123] Fi9- 18 is a vertical cross-section of a virtual pen.

20 Such a pen is moved across featureless paper or a other

undorgroundunderlving surface according to a required pattern,

which may be letters, words, drawings^ etc. This pattern is

translated via the input device of the pen into positions. These

positions can be translated by a computer into virtual writing and

25 drawing which can be translated into letters or words or displayed,

immediately or later on, by this computer or sent to another
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computer or into a network. The embodiment of the virtual pen shown

in Fig._18 comprises a pen house 141 with a pen point 142, a base

plate 143 at the lower_side and a transparent window 144 in the pen

point. In tThe lower_side of the pen accommodates diode lasers 3,_4

5 and associated photo diodes 4,_6 and electronic circuitry. These

components may be mounted on a layer 145, corresponding to the

layer 60 in Figures Figs. 9a and 10. Optical fibre s fibers 146-r 147

are coupled to diode lasers to guide the laser radiation to the

window 144. A jacket or sleeves 148,_149 of solid material, for

10 example plastics, fix these fibre s f ibers

.

.

[0124] For both the pen of Fig._17 and the virtual pen of Fig.

18, the diode lasers and photo diodes may be arranged at a position

remote from the pen. The radiation from the diode lasers is

transmitted to the pen point and back to the photo diodes via

15 optical fibres f ibers , one end of which is fixed to the pen point.

[0125] The input device of the present invention may also be

used in a fax and/or printer apparatus to detect paper slippage or

to measure the paper advancement so that accurate and expensive

paper driving motors are no longer needed in such apparatus.

20 [0126] Furthermore, this input device can be used in a hand-held

scanner which is used to read information on a piece of paper in

order to reproduce this information, immediately or later on, by

means of a computer. Such a hand-heId scanner is provided with a

device for measuring the movement of the scanner across the paper

25 so that a reliable reproduction of the information becomes

possible. This measuring device should be small and lightweight and

S: \GO\SG23GOA0 .RED 41



PHNL 000611

the input device is very suitable for this purpose. The hand-held
scanner is known per se and need not be described here. The hand-
held scanner of the present invention is different from the known
scanners in that it comprises the input device as described above.

5 [0127] Ultrasound imaging, or echography, is a medical

diagnostic technique in which ultrasound waves, reflected by
structures in the human body, are used to build up an image. In

addition to its full real-time imaging possibility, it has the

advantages of being non- invasive and non- ionizing, like the

10 competitive techniques of X-ray imaging and computerized tomography
(CT)

.
The technique uses a scanning apparatus, which is connected

to a computer. Ultrasound systems have the additional advantages
that they are relatively compact (even portable) and less expensive
than, for example^ magnetic resonance imaging (MRI) systems which

15 are also non- invasive
. In the ultrasound scanning apparatus,

ultrasound waves are generated, wfebsh-these waves age-being sent
into the human body. Different kinds of tissues reflect the

ultrasound waves differently. The reflected waves are detected in
the scanning apparatus and the results of this detection are sent

20 to the computer so as to be analyzed and used to build up an image
to be displayed. This image is a two-dimensional cross-section of

the part of the human body momentarily examined. By moving the

scanning apparatus across the body, other parts of this body can be
examined. The ultrasound scanning apparatus need not be described

25 here in detail because it is a well-known apparatus. The input

device of the present invention can be incorporated in the

S:\GO\SG23GOA0.RED 42



PHNL 000611

ultrasound scanner to register its movement, as is very
schematically illustrated in Fig._l9 . This «^tiaure_shows the
scanning apparatus 150 with a cable 152 connecting it to a
computer, not shown, when in use, the surface 154 of the apparatus

5 faces the body to be examined. Reference 159 denotes the input
device of which only the window is shown and by means of which the
movement of the apparatus, for example, along the imaginary line
155 can be registered. Such an input device with one or two
measuring axes provides new possibilities for the ultrasound

10 scanners because, in addition to the two-dimensiona! ultrasound
images, information about the movements of the scanner is obtained
and processed by the computer so that the latter can create a
three-dimensional image of the body being examined. Optionally, the
scanning apparatus may be provided with a second input device 159'

15 Because the input device is compact and cheap, it can easily be
incorporated in existing ultrasound scanning apparatus without
adding much cost and without re-designing the apparatus.
101281 The input device of, for example, the mobile phone of
Fig._12 can be used in an u^up/down scroll switch for scrolling

20 menu charts. Such an input device may also have the capability to
determine a click, which activates a menu whi^being pointed at
by a cursor controlled by the u^up/down switch. Such an input
device can be easily built of discrete components, which allows
fast new developments.

25 10129]. Fig . 20 shows a firsfc embodiment Qf & ^^
input device 160. It comprises two laser/diode units 161,_162,
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which each comprises a diode laser and a photodiode. Instead of

such units^_ also separate diode lasers and photo diodes may be

used. In each of the paths of the radiation emitted by the units

161 and 162^ a lens 163 and 164, respectively^ is arranged, which

5 these lensts focusing focuses radiation beams 165 and 166 of the

associated units 161 and 162 in an action plane 167, which may be

the plane of a window. This window 172 may form part of the housing

169 of the device in which the device is used, for example^ a

mobile phone as shown in side view in Fig._21. The laser/diode

10 units and the associated lenses may be so arranged that the chief

rays of the beams 165 and 166 are at opposite angles with respect

to the normal to the window 172, for example at angles of +45° and -

45°, respectively.

[0130] An object, for example^ a human finger 168^_ is moved

15 across the action plane for a scrolling and/or clicking action. As

described herein above, both actions cause a Doppler shift in the

radiation reflected by the finger towards the laser/diode units 161

and 162 . The output signals of the detectors of these units are

supplied to signal processing and laser drive electronic circuitry

20 170. This circuitry evaluates the movements of, for example^ the

controlling finger 168 and supplies information about these

movements at its output 171. The laser/diode units 161 and 162, the

lenses 165 and 166, the window 172 and the electronic circuitry 170

and software may be integrated in one module. This module is placed

25 as such in the mobile phone or in another apparatus, which should

be provided with a scrolling and clicking function. It is also
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possible to implement the input device with discrete elements.

Especially part of the signal processing may be carried out by a

m4€^Q-micro- controller or other controlling means which forms part

of the mobile phone or other apparatus, such as^ a remote control,

a cordless phone or a portable computer.

[0131] As described herein-before^ a movement of a finger or

other object towards and away from the laser/diode units may be

detected by modulating the laser currents and counting the pulses

received by the detectors. From the output signals Signx and Sign2

of these detectors, which represent velocities of the object along

the chief rays of the beams 165 and 166, respectively, the velocity

(VScron) parallel to the window and the velocity (Vclick ) perpendicular

to the window can be calculated as follows:

VScroii = % ^2-^ (Sig^ - Sign2 )

.
Vclick = X V2-r-j_ (Sig^ + Sign2 )

[0132] Fig. 22 shows a second embodiment of a scroll and click

input device 180. This embodiment differs from that of Figs. 20 and

21 in that the two lenses 163 and 164 and the window 172 has been

replaced by a single component 182. This element focuses both beams

165 and 166 on its upper surface 184, which forms a window.

[0133] If the input device of Figs. 20-22 needs to provide only

a scrolling function, only one diode laser, lens and detector is

required^ in principle.
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ABSTRACT-;- OF THE DISCLOSURE

An optical input device for an apparatus, generating

generates input signals by moving the device and an object (15)

relative to each other and meacuring measures the movement by meanc
oi-the effects of self -mixing in a diode laser (3,_5) and Doppler
shift caused by the movement. For each measuring axis (X,_Y,_Z),

radiation from a diode laser (3,_5) is converged on a window (12)

across which the object (15) moves. Part of the radiation scattered
by the object, whose frequency is Doppler- shifted due to the

movement, re-enters the laser cavity (20) and causes a change in

cavity properties. By measuring such a change, for example, by
meanc of a photo diode, information about the movement is obtained.

As the input device is small and cheap, it can be used in a number
of different consumer apparatus.

Fig. 1
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